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Vesicles in organisms, such as cytomembranes, are able to efficiently transport, 
enrich or separate target species between the inner and outer aqueous compartments. 
These membrane processes are engaged in lots of elaborate and highly controlled 
living actions. The cytomembrane-inspired design of target-responsive vesicles is 
expected to benefit not only the sensory performance of artificial vesicles but also 
understanding of the related biological processes. In this dissertation, the cooperation 
of multiple self-assembly driving forces was employed to fabricate novel fluorescent 
supramolecular vesicles with a cytomembrane-mimetic structure. Different from 
cytomembranes, the fluorescent vesicles contain a hydrogen-bonding (HB) assembled 
interlayer bearing target recognition subunits and fluorescent signaling subunits. This 
interlayer not only introduces fluorescence responses but also efficiently stabilizes the 
supramolecular vesicles. The fabrication methods and modification strategies for this 
type of supramolecular vesicles were studied. Taking advantage of the advanced 
reaction kinetics in vesicles, a novel fluorescent sensing system with rapid and 
sensitive responses was established. Five chapters are involved in this dissertation.  
In chapter one, basic concept and principles of biomimetic supramolecular 
self-assembly, the structural properties and functions of biological vesicles, and the 
research progress of dye-interbedded supramolecular vesicles, were briefly introduced. 
Based on the related analysis, the objective of this dissertation is presented. 
In chapter two, we introduce the instruments and reagents involved in this 
research. The synthesis and characterizations of the related compounds are presented. 
In chapter three, a new type of dye-interbedded supramolecular vesicles were 
fabricated via the co-assembly of HB-active recognition subunits, signaling subunits, 
amphiphilic subunits and HB-linker subunits and applied to highly selective and 
sensitive sensing of SO2. The sensory vesicles show a high stability and a unique 

















sensitivity and wide responding range.  
In chapter four, potential modification methods of the dye-interbedded 
supramolecular vesicles were explored. Some modification strategies including 
changing the linking mode, doping the HB network and “plug-in” medication of the 
hydrophilic surfaces by amphiphiles, were investigated and proved to be efficient. 
Taking advantage of these strategies, multiple fluorescent subunits were integrated 
into the sensory vesicles to stablish a novel fluorescent sensing mode with three-color 
responses. 
In chapter five, the summarization and prospect of this research are presented. 
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Tan 等 [6]以单链核苷酸适配体为模板，利用滚环扩增（Rolling Circle 
Replication）技术合成了一类具有多重荧光共振能量转移（mFRET）效应的 DNA







Figure 1.1.1 Bioassisted, sequence-independent self-assembly of multicolor FRET 
DNA nanoflowers.  
Albert 等[7]将 DNA接在 β-环糊精（β-CD）上构建了一类含有 DNA链的主
体分子 DNA-β-CD，当其与含有金刚烷单元的疏水性客体分子发生主客体化学作
用时，能够生成两亲超分子，并在水溶液中进一步自组装形成超分子囊泡。该囊

















了含有 DNA互补链的 Au-NPs，进一步基于 DNA调控研究了生色团与功能性小
分子间的距离对其诱导的电子效应的影响（Figure 1.1.2）。 
 
Figure 1.1.2 Schematic representation illustrating the “click” chemistry based 


























Figure 1.1.3 Primary sequence of H1 and crystal structure of a hexameric helical 
bundle formed from H1 (a) and Primary sequence of H2 and crystal structure of a 
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